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OPTICAL MULTI/DEMULTIPLEXER,
OPTICAL MULTI/DEMULTIPLEXING
METHOD, AND OPTICAL FILTER

CROSS REFERENCED APPLICATIONS

This 1s a continuation application of International Appli-
cation PCT/JP02/11156, filed Oct. 28, 2002, the complete
disclosure of which i1s incorporated herein by reference,
which designated the U.S. and that International Application

was not published under PCT Article 21(2) in English.

TECHNICAL FIELD

The present invention relates to an optical multi/
demultiplexer, an optical multi/demultiplexing method, and
an optical filter (optical switch) capable of picking up a light
having a specific wavelength.

BACKGROUND ART

Late years, in connection with the advent of the multi-
media information society with the popularization of por-
table telephones, motion picture communications, electronic
commerce and others, the transmission volume of commu-
nication networks 1s being continuously increased. As a
technique capable of sending and receiving a large amount
of information communication at a lower cost, there has
been employed a transmission system based on a wave-
length division multiplexing transmission technology com-
prising giving diflerent informations respectively, to lights
different 1n wavelength, multiplexing the lights with the
different wavelengths, and transmitting the wavelength mul-
tiplexed light through a single optical fiber. This transmis-
sion system uses a filter element for multiplexing/
demultiplexing light, an optical filter or switch for
selectively picking up a light having a specific wavelength
from a wavelength multiplexed light including a plurality of
wavelengths, and other components.

As one of the filter elements for use 1n the above system,
there has been known an optical demultiplexer as shown 1n
FIG. 1. In this optical demultiplexer, a plurality of interfer-
ence film filters 101, 102, 104 adapted, respectively, to
reflect lights of different wavelengths are disposed on the
optical path of a wavelength multiplexed light 106 trans-
mitted through an optical fiber, so as to reflect lights of
specific wavelengths A1, A2, A3 included 1n the wavelength

multiplexed light 106, respectively, to obtain monochro-
matic lights 108, 110, 112 of specific wavelengths A1, A2,

A3

There has also been known an optical demultiplexer as
shown 1 FIG. 2, which comprises 1n combination a star
coupler 201 and a plurality of interference film filters 202,
204, 206, 208. In this optical demultiplexer, the star coupler
201 for branching light 1s disposed on the optical path of a
wavelength multiplexed light 210 transmitted through an
optical fiber, and the interference film filters 202, 204, 206,
208 adapted, respectively, to allow only lights of wave-
lengths A1, A2, A3, A4 to be transmitted therethrough are
disposed on corresponding branched optical paths.

When the above optical demultiplexers are used 1n such a
manner that the direction of the optical path thereof 1s
reversed, they can act as an optical multiplexer for multi-
plexing monochromatic light tlux.

The above optical demultiplexer, optical multiplexer, or
multi/demultiplexer essentially includes filters of the same
number as that of multiplexed wavelengths. Thus, they
involve a high-cost problem due to increase in the number
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of components and the number of assembling steps, and the
need for complicated adjustments. Further, the optical
demultiplexer using a star coupler mvolves a problem of
degradation 1n output light intensity due to branching of a
multiplexed light through the star coupler.

As optical filters or optical switches, there have been
developed an optical filter having a grating disposed in a
Mach-Zehnder interferometer type optical waveguide, and a
thermooptic optical switch provided with a thin-film heater
which 1s composed of a thin layer of metal, such as a
chromium or copper, vapor-deposited on the above optical
filter, and designed to generate heat 1n response to current
supplied thereto to heat the optical waveguide.

However, the optical filter and the optical switch having
the above-described optical waveguide 1s not suited for mass
production due to its complicated production process.
Further, since 1t 1s required in the process of forming the
grating to periodically form notches 1n a core or clad with a
high precision 1n the order of several microns or more, the
cost 1s 1ncreased.

In view of the above circumstances, it 1s therefore an
object of the present invention to provide an optical multl/
demultiplexer having a reduced number of components and
allowing the number of assembling steps to be reduced
while eliminating the need for complicated adjustments.

It 1s another object of the present invention to provide an
optical filter capable of being readily produced and varying
the wavelength of a monochromatic light to be picked up.

SUMMARY OF THE INVENTION

According to a first aspect of the present mnvention, there
1s provided an optical multiplexer comprising a graded index
type light transmission section whose refractive index 1s
continuously reduced in the direction from the center to the
periphery thereol, a wavelength-multiplexed-light connect-
ing section disposed at one of the axial ends of the light
transmission section, and at least one monochromatic light
connecting section disposed at the other axial end of the light
transmission section. The wavelength-multiplexed-light
connecting section and the monochromatic light connecting
section are disposed relative to the light transmission section
in such a positional relationship that a monochromatic light
included 1n a wavelength multiplexed light entered from the
wavelength-multiplexed-light connecting section into the
one end of the light transmission section 1s emitted from the
other end of the light transmission section at a position
where the monochromatic light connecting section 1s dis-

posed.

In a preferred embodiment of the present invention, the
light transmission section 1s made of plastic. In another
preferred embodiment of the present invention, the materials
of the light transmission section are different in Abbe
number at 20 or more.

In still another preferred embodiment of the present
invention, the light transmission section has an substantially
cylindrical body, and the wavelength-multiplexed-light con-
necting section 1s disposed to the radially peripheral region
of the light transmission section and in parallel with the axis
of the light transmission section.

In yet another preferred embodiment of the present
invention, the light transmission section has an substantially
cylindrical body, and the wavelength-multiplexed-light con-
necting section 1s disposed to the radially central region of
the light transmission section while being inclined at an
angle close to the aperture angle of the light transmission
section.
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In yet still another preferred embodiment of the present
invention, the monochromatic light connecting section 1s
provided 1n a plural number.

According to a second aspect of the present invention,
there 1s provided an optical demultiplexing method com-
prising; entering a wavelength multiplexed light formed by
multiplexing a plurality of monochromatic lights, from one
of the axial ends of a graded index type light transmission
section whose refractive index 1s continuously reduced 1n
the direction from the center to the periphery thereof;
demultiplexing the wavelength multiplexed light into the
monochromatic lights 1n the light transmission section; and
emitting the monochromatic lights, respectively, from dii-
terent positions of the other axial end of the light transmis-
s10n section.

According to a third aspect of the present invention, there
1s provided an optical multiplexing method comprising:
entering a plurality of monochromatic lights, respectively,
from diflerent positions of one of the axial ends of a graded
index type light transmission section whose refractive index
1s continuously reduced in the direction from the center to
the periphery thereof; multiplexing the monochromatic
lights into a wavelength multiplexed light 1n the lLight
transmission section; emitting the wavelength multiplexed
light from the other axial end of the light transmission
section.

According to a fourth aspect of the present invention,
there 1s provided an optical filter comprising a graded index
type light transmission section whose refractive index 1s
continuously reduced in the direction from the center to the
periphery thereol, a wavelength-multiplexed-light connect-
ing section disposed at one of the axial ends of the light
transmission section, and a monochromatic light connecting,
section disposed at the other axial end of the light transmis-
s10n section.

In a preferred embodiment of the present invention, the
light transmission section has a refractive index profile
constant to be varied according to temperature, and the
optical filter further includes temperature varying means for
varying the temperature of the light transmission section to
vary the positions 1n the other axial end of the light trans-
mission section where a plurality of monochromatic lights
included 1n a wavelength multiplexed light entered from the
wavelength-multiplexed-light connecting section into the
light transmission section are to be emitted, respectively,
therefrom, so as to allow either one of the monochromatic
lights to be selectively entered into the monochromatic light
connecting section.

In the optical filter having the above structure, the wave-
length of the monochromatic light to be mtroduced into the
monochromatic connecting section can be varied by varying,
the temperature of the light transmission section. Thus, a
desired wavelength of light can be selectively picked up
with a simple structure.

In another preferred embodiment of the present invention,
the light transmission section 1s made of plastic. In still
another preferred embodiment of the present invention, the
refractive index profile of the light transmission section has
a temperature dependent constant of 5x107> or more. In yet
another preferred embodiment of the present invention, the
light transmission section has an substantially cylindrical
body, and the wavelength-multiplexed-light connecting sec-
tion 1s connected to the light transmission section 1n parallel
with the axis of the light transmission section. In yet still
another preferred embodiment of the present invention, the
temperature varying means includes a Peltier element.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing a conventional
optical demultiplexer.

FIG. 2 1s a schematic diagram showing another conven-
tional optical demultiplexer.

FIG. 3 1s an explanatory schematic side view of the
structure and function of an optical demultiplexer according
to a first embodiment of the present imvention.

FIG. 4 1s a schematic side view showing one modification
of the optical demultiplexer according to the first embodi-
ment of the present invention.

FIG. 5 1s a schematic perspective view showing a pho-

todetector array for use in the optical demultiplexer in FIG.
4.

FIG. 6 1s an explanatory diagram of the principle of the
optical demultiplexer according to the first embodiment of
the present mvention.

FIG. 7 1s an explanatory diagram of the eflect of the
optical demultiplexer according to the first embodiment of
the present invention.

FIG. 8 1s a schematic perspective view showing an optical

filter according to a second embodiment of the present
invention.

FIG. 9 1s an explanatory schematic side view of the
structure and function of an optical filter according to a third
embodiment of the present invention.

FIG. 10 1s an explanatory diagram of the principle of the
optical filter according to the third embodiment of the
present 1vention.

FIG. 11 1s a graph showing the temperature dependence of
the refractive index profile of a transmission section in the
optical filter according to the third embodiment of the
present 1nvention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

With reference to the drawings, a preferred embodiment
of the present invention will now be described 1n detail. FIG.
3 1s a schematic diagram showing an optical demultiplexer
1 according to a first embodiment of the present 1nvention.
As shown 1n FIG. 3, the optical demultiplexer 1 includes a
light demultiplexing section 1. This light demultiplexing
section 2 has an substantially cylindrical shape, and serves
as a graded mdex type light transmission section whose
refractive index i1s continuously reduced in the direction
from the axis ¢ to the periphery thereof. In the first
embodiment, the refractive index n of the light demultiplex-
ing section 2 has a distribution approximated by the follow-
ing formula (1):

1(P)=mox(1-g?x#%/2) (1),

wherein n,: refractive index on the axis c,

g: refractive index profile constant, and

r: radial distance from the axis c.

For example, the light demultiplexing section 2 1s a light
transmission section made of morganic glass through an 10n
exchange process, or a light transmission section made of
plastic. The light demultiplexing section 2 has a periphery
covered with a cladding layer (not shown) to allow a light
entered from one (left side i FIG. 3, hereinafter referred to
as “first axial end”) of the axial ends thereof to be propa-
gated through the inside thereol and emaitted from the other
axial end (right side in FIG. 3, heremafter referred to as
“second axial end”).
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As described later, the light demultiplexing section 2 1n
the first embodiment 1s used to multiplex and demultiplex
light by utilizing the wavelength dispersion characteristic of
the light demultiplexing section 2 such that it has different
refractive index profiles with respect to each of diflerent
wavelengths of light. For this purpose, the light demulti-
plexing section 2 1s preferably made of materials largely
different in Abbe number to increase the difference in
refractive mdex profile with respect to each of different
wavelengths of light. The difference 1 Abbe number 1s
preferably 20 or more, more preferably 50 or more. While it
1s preferable to set the difference in Abbe number as large as
possible, 1t 1s typically set at 80 or less.

The optical demultiplexer 1 includes an incidence-side
connecting section 8 serving as a wavelength-multiplexed-
light connecting section for allowing an optical fiber 6
transmitting a wavelength multiplexed light 4 to be con-
nected thereto, at the first axial end of the light demultiplex-
ing section 2. Preferably, the incidence-side connecting
section 8 1s disposed 1n the peripheral region of the light
demultiplexing section in substantially parallel with the axis
¢ of the light demultiplexing section 2 to allow a light to be
entered into the peripheral region (radially peripheral
region) 1n substantially parallel with the axis of the light
demultiplexing section 2.

A glass optical fiber made of silica glass, and a plastic
optical fiber made of material such as
polymethylmethacrylate, polystyrene or polycarbonate can
be used as the optical fiber 6 to be connected to the optical
demultiplexer 1.

The optical fiber 6 1s not limited to one having a specific
refractive index profile, but may be a conventional optical
fiber, such as step-index (SI) type of optical fibers or
graded-index type (GI) optical fibers.

The optical demultiplexer 1 also includes an outgoing-
side connecting section serving as a monochromatic light
connecting section for allowing a monochromatic light to be
emitted therefrom, at the second axial end of the light
demultiplexing section 2. In the first embodiment, the
outgoing-side connecting section 1s formed 1 a prism 10
made of transparent resin. The prism 10 1s connected to the
second axial end of the light demultiplexing section 2 1n
such a manner that three types of monochromatic lights
different 1n wavelength (A1, A2, A3) are entered to the prism
10 from the different positions (r21, r22, r23) in the second
axial end of the light demultiplexing section 2, respectively.
The surface of the prism 10 for emitting the monochromatic
lights entered from the light demultiplexing section 2 has
three of the outgoing-side connecting sections 18, 20, 22 for
allowing three optical fibers 12, 14, 16 to be connected
thereto 1n such a manner that the monochromatic lights
emitted from the prism 10 are entered into the optical fibers
12, 14, 16, respectively. Therefore, each of these optical
fibers may have the outgoing-side connecting section.

The incidence-side connecting section 8 and the outgoing-
side connecting sections 18, 20, 22 are not limited to a
specific structure, but any suitable conventional structure
may be applied thereto. For example, these connecting
sections may be composed of a transparent resin filled
between the light demultiplexing section 2 and either one of
a light source for emitting a wavelength multiplexed light, a
light-receiving element for receiving a monochromatic light
and an optical fiber.

Instead of the prism 10, a resin material 1tself or a resin
product for forming the outgoing-side connecting section
may be disposed at the second axial end of the light
demultiplexing section 2. Further, as shown in FIG. 4,
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instead of the optical fibers 12, 14, 16, a photodetector array
26 (see FIG. 5) having a plurality of arrayed light-receiving
clements (photodetectors) may be used to receive the emit-
ted monochromatic lights. In this case, the light-receiving
clements 24 are disposed, respectively, at positions corre-
sponding to the positions where the monochromatic lights
are emitted therefrom. That 1s, the light-receiving elements
24 serve as the outgoing-side connecting sections.

The optical demultiplexer 1 according to the first embodi-
ment 1s operable to demultiplex the wavelength multiplexed
light 4 formed by multiplexing the three types of monochro-
matic lights different in wavelength (A1, A2, A3) 1nto the
monochromatic lights having the wavelengths A1, A2, A3,
respectively. In the optical demultiplexer 1, a light entered
from the incidence-side connecting section 8 into the light
demultiplexing section 2 i1s propagated through the light
demultiplexing section 2 1n a meandering manner 1n a given
cycle. The light demultiplexing section 2 has the refractive
index n continuously reduced 1n the direction from the axis
¢ to the periphery thereof Thus, if the entered light 1s a
wavelength multiplexed light, each lights different in
wavelength, which are included i the wavelength multi-
plexed light, will be separatedly propagated through differ-
ent paths because the refractive imndex profile constant i1s
varied according to the diflerence 1n wavelength. Thus, as
shown 1n FIGS. 3 and 4, 11 the entered light 1s a wavelength
multiplexed light, the monochromatic lights will be
propagated, respectively, in different meandering cycles
depending on the wavelengths (A1, A2, A3) thereol, and
emitted, respectively, from the different positions (121, r22,
123) of the light demultiplexing section 2.

A light matrix 1n the light demultiplexing section 2 having
the refractive index profile approximated by the formula (1)
1s expressed by the following formula (2):

(FQ] (CDS(gZ)
g ) —ng-sin(g”7)

wherein nl: refractive index on the axis c,
gl: refractive index profile constant,
7 length of the light demultiplexing section 2,

rl: incidence position where a light 28 1s entered into the
first axial end of the light demultiplexing section 2,

01: incidence angle (rad) at which the light 28 1s entered
into the first axial end of the light demultiplexing
section 2,

r2: outgoing position where the light 28 1s emitted from
the second axial end of the light demultiplexing section
2,

02: outgoing angle (rad) at which the light 28 1s emutted
from the second axial end of the light demultiplexing
section 2 (see FIG. 6).

As seen 1n the formula (2), the outgoing position of the
light in the outgoing end (second axial end) 1s changed
depending on the refractive index profile constant g and the
refractive index n.

sin(gZ)/ng ][ ri ] (2)

cos(gZ) 61

[hus, as shown in FIG. 3, when a
plurality of lights different in wavelength (A1, A2, A3) are
entered from the same incidence position (same radial
position) 1n the first axial end of the light demultiplexing
section 2, the lights are emitted, respectively, from the
different outgoing positions (r21, r22, r23) in the second
axial end of the light demultiplexing section 2 because the
refractive index profile constant g and the refractive index n
are different with respect to each of the lights.

The optical demultiplexer 1 demultiplexes the wavelength
multiplexed light 4 by utilizing this phenomenon. Thus, in
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the optical demultiplexer according to the first embodiment,
the position r (distance from the axis ¢) of the incidence-side
connecting section 8 and the positions of the outgoing-side
connecting sections 18, 20, 22 are arranged 1 such a
positional relationship that the wavelength multiplexed light
4 formed by multiplexing the three monochromatic lights
different 1n wavelength (A1, A2, A3) and entered into the
light demultiplexing section 2 through the incidence-side
connecting section 8 1s demultiplexed in the light demulti-
plexing section 2 based on the difference in refractive index
with respect to each of the wavelengths, and the demulti-
plexed monochromatic lights of the wavelengths (A1, A2,
A3) are entered, respectively, into the three optical fibers 12,
14, 16 through the outgoing-side connecting sections 18, 20,
22.

The mcidence-side connecting section 8 1s disposed 1n the
peripheral region of the light demultiplexing section 2 to
allow the light to be entered into the light demultiplexing
section 2 from the peripheral region, so that the respective
optical paths for the wavelengths can be largely separated
from each other. Thus, the outgoing positions r21, r22, r23
of the monochromatic lights and the positions of the
outgoing-side connecting sections 18, 20, 22 can be spaced
apart from each other to facilitate the detection of each of the
monochromatic lights emitted from the light demultiplexing,
section 2. From this point of view, when a wavelength
multiplexed light 1s entered into the light demultiplexing
section 2 1n parallel with the axis thereof, the position of the
incidence-side connecting section 8 relative to the light
demultiplexing section 2 1s preferably arranged on the side
of the periphery as close as possible. Otherwise, when the
incidence-side connecting section 8 1s located at or adjacent
to the axis (radially central region) of the light demultiplex-
ing section 2, the incidence-side connecting section 8 1is
preferably inclined relative to the axis of the light demulti-
plexing section 2 at an angle close to the aperture angle of
the light demultiplexing section 2 to enter a light into the
light demultiplexing section 2 at the aperture angle of the
light demultiplexing section 2.

For example, in the optical multiplexer 1 arranged as
above, the diameter and the length (7Z) of the light demul-
tiplexing section 2 are set at 1 mm and 5.37 mm, respec-
tively. Then, a wavelength multiplexed light formed by
multiplexing three monochromatic lights different 1n wave-
length (A1=470 nm, A2=525 nm, A3=630 nm) are entered
from a position away from the center ¢ of the first end of the
light demultiplexing section 2 at a distance of 0.45 mm (or
r=0.45 mm). Given that the refractive index profile constants
g, g, and g, of the light demultiplexing section 2 with
respect to the wavelengths A1, A2 and A3 are 0.902, 0.891
and 0.878, respectively, and the refractive indices n,, n, and
n, on the axis ¢ with respect to the wavelengths A1, A2 and
A3 are 1.518, 1.513 and 1.510, respectively. The monochro-
matic lights having the wavelengths (A1=470 nm, A2=525
nm, A3=630 nm) are emitted, respectively, from the different
positions 1n the second axial end of the light demultiplexing
section 2 (see FI1G. 3). Specifically, the monochromatic light
of the wavelength Al, the monochromatic light of the
wavelength A2, and the monochromatic light of the wave-
length A3 are emitted from the position r21 away from the
center ¢ at a distance of 0.06 mm, the position r22 away from
the center ¢ at a distance of 0.03 mm and the position r23 on
the center ¢ 1n the second axial end of the light demulti-
plexing section 2, respectively, to exhibit a spectra distribu-
tion having the intensity I as shown in FIG. 7. Thus, the
demultiplexed monochromatic lights can be obtained at the
outgoing-side connecting sections 18, 20, 22.
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In the optical demultiplexer 1 according to the first
embodiment, monochromatic light sources of wavelengths
M, A2, A3 are disposed, respectively, at the monochromatic
light (outgoing-side) connecting sections 18, 20, 22 to use
these outgoing-side connecting sections as incidence-side
connecting sections, and a photodetector 1s disposed at the
incidence-side connecting section 8 or wavelength-
multiplexed-light connecting section to use the incidence-

side connecting section 8 as an outgoing-side connecting
section. Through this arrangement, the optical demultiplexer
1 can act as an optical multiplexer capable of multiplexing
monochromatic lights of wavelengths Al, A2, A3 into a
wavelength multiplexed light.

The optical demultiplexer according to the first embodi-
ment can readily separate a light of a specific wavelength
from a wavelength multiplexed light or can readily multi-
plex lights different in wavelength, with a simple structure
without any complicated structure and optical component. In
addition, this stricture can be eliminate the need for using an
clement for branching light, such as a star coupler, to prevent
the degradation 1n light intensity.

While the optical demultiplexer according to the first
embodiment has been constructed to pick up all monochro-
matic lights included 1n a wavelength multiplexed light, the
optical demultiplexer of the present mmvention may be
designed to pick up at least one monochromatic lights
included in a wavelength multiplexed light.

An optical filter (optical switch) according to a second
embodiment of the present imvention will be described
below. FIG. 8 1s a schematic perspective view showing the
optical filter (optical switch) 31 according to the second
embodiment of the present invention. As shown in FIG. 8,
the optical filter 51 comprises a light transmission section 54
mounted on a base 52. The optical filter 51 further includes
an incidence-side optical fiber 56 disposed on the one of the
axial ends (incidence-side, hereinafter referred to as “first
axial end”) of the light transmission section 54 to enter a
wavelength multiplexed light, a prism 58 disposed on the
other axial end (outgoing side, hereinafter referred to as
“second axial end”) of the light transmission section 54, an
outgoing-side optical fiber 60 connected to the prism 58, and
a temperature controller 62 for adjusting the temperature of
the light transmission section 34. The incidence-side optical
fiber 56 1s connected to the light transmission section 54 1n
parallel with the axis of the light transmission section 34.

In the second embodiment, a Peltier element 1s used as the
temperature controller 62. While the Peltier element 1s
desirable because 1t can eflectively perform heating and
cooling, any other suitable heating means, such as electric
heater, or cooling means may be used.

Preferably, in order to unmiformly heat or cool the light
transmission section 34, the optical filter 51, particularly the
light transmission section 54, 1s sealed with another resin, or
the light transmission section 34 1s contained 1n the tem-
perature controller 62 formed 1n a tubular shape.

The light transmission section 54 has an substantially
cylindrical shape, and serves as a graded index type light
transmission section whose refractive mdex 1s continuously
reduced in the direction from the axis ¢ to the periphery
thereof In the second embodiment, the refractive index n of
the light transmission section 54 has a distribution approxi-
mated by the following formula (1):

1(P)=mox(1-g?x#%/2) (1),

wherein n,: refractive index on the axis c,

g: relractive index profile constant, and
r: radial distance from the axis c.
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The light transmission section 54 1s an optical component
made of 1norganic glass through an 10n exchange process, or

made of plastic, and the periphery of the light transmission
section 54 1s covered with a cladding layer (not shown). The
light transmission section 54 1s designed to allow a light
entered from the incidence-side optical fiber 56 through the
first axial end (right side 1in FIG. 8) to be propagated through
the mside thereof 1n a meandering manner as indicated by
the arrow A 1n FIG. 8 and emitted from the second axial end

(left side 1n FIG. 8).

When the entered light 1s a wavelength multiplexed hght
64, a slightly different refractive index proﬁle will be given
to each of monochromatic lights different 1n wavelength,
which are included 1n the wavelength multiplexed light, due
to the chromatic aberration and the wavelength dispersion
caused by the refractive index no and the refractive index
profile constant g. Thus, the monochromatic lights 66, 68, 70
of the wavelengths A1, A2, A3) included 1n the wavelength
multiplexed light 64 entered into the light transmission
section 54 will be propagated through the light transmission
section 34, respectively, imn different meandering cycles
(paths). Therefore, the wavelength multiplexed light 64
formed by multiplexing the monochromatic lights of the
wavelengths (A1, A2, A3) and entered 1nto the first axial end
of the light transmission section 54 are demultiplexed into
the monochromatic lights 66, 68, 70 based on their
wavelengths, and the demultiplexed monochromatic lights
are emitted, respectively, from the different positions 1n the
second axial end of the light transmission section 54 at
different angle.

A refractive index 1s varied depending on temperature. In
the light transmission body 54 having a cylindrical body, the
temperature dependence (variation with respect to
temperature) of refractive index varies along the radial
direction, and thereby the refractive index profile constant g
varies depending on temperature. Thus, the outgoing posi-
tions where the monochromatic lights are emitted from the
light transmission section 54 can be changed by varying the
temperature of the light transmission section 54.

The varnation 1n refractive index 1s apt to be dependent on
the thermal expansion coeflicient of a maternial. A light
transmission section made of plastic can be preferably used
to obtain a large variation of refractive index by a small
amount of change in temperature. Further, the difference 1n
thermal expansion coeflicient of the material between the
central and peripheral regions of the light transmission
section can be preferably increased to obtain a large varia-
tion of refractive index profile constant by a small amount of
change 1n temperature. Preferably, the refractive index pro-
file of the light transmission section 54 has a temperature
dependent constant of 5x107> or more, as described later in
detail.

The optical filter 51 according to the second embodiment
1s designed such that when the light transmission section 54
1s set at a first temperature by the temperature controller 62,
the monochromatic light 66 of the first wavelength (A1)
included in the wavelength multiplexed light 64 entered into
the light transmission section 34 1s entered into the
outgoing-side optical fiber 60. The optical filter 51 1s also
designed such that when the light transmission section 34 1s
set at a second temperature by the temperature controller 62,
the monochromatic light 68 of the second wavelength (A2)
included 1n the wavelength multiplexed light 64 entered into
the light transmission section 34 1s entered into the
outgoing-side optical fiber 60, as shown 1n FIG. 8. Further,
the optical filter 51 1s also designed such that when the light
transmission section 54 1s set at a third temperature by the
temperature controller 62, the monochromatic light 70 of the
third wavelength (A3) 111c111ded in the wavelength multi-
plexed light 64 entered into the light transmission section 54
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1s entered into the outgoing-side optical fiber 60. That 1s, 1n
the optical filter 51 according to the second embodiment, the
wavelength of the light to be entered into the outgoing-side
optical fiber 60 can be selectively varied by setting the light
transmission section 54 at either one of the first, second and
third temperatures using the temperature controller 62.

A glass optical fiber made of silica glass, and a plastic
optical fiber made of material such as
polymethylmethacrylate, polystyrene or polycarbonate can
be used for the optical fibers 56, 60 to be connected to the
light transmission section include

The optical fibers 56, 60 are not limited to one having a
specific refractive index profile profile, but may be a con-
ventional optical fiber, such as step-index (SI) type of optical
fibers or graded-index type (GI) optical fibers.

The optical filter according the second embodiment can
readily separate a light of a specific wavelength from a
wavelength multiplexed light, and can readily vary the
wavelength to be separated, with a simple structure without
any complicated structure and optical component.

The present invention 1s not limited to the above
embodiments, but various modifications and alternations can
be made without departing from the sprit and scope of the
present invention defined only by the appended claims.

With reference to FIGS. 9 to 11, an optical switch
according to a third embodiment of the present invention.
FIG. 9 1s a schematic top plan view showing the optical filter
151 according to the third embodiment of the present
invention. Except that no prism 1s provided on the outgoing
side, the optical filter 151 essentially has the same structure
as that of the optical filter 51 according to the second
embodiment. Thus, the component corresponding to that of
the optical filter 51 1s defined by a reference numeral derived
from adding 100 to the reference numeral of the correspond-
ing component of the optical filter 51.

In the optical filter 151, a silica glass single-mode optical
fiber serving as an incidence-side optical fiber 156 1s con-
nected to one (hereinaiter referred to as “first axial end”) of
the axial ends of a graded index type plastic light transmis-
sion section 154 with 1 mm diameter and 8.73 mm length,
at the position away from the axis ¢ of the light transmission
section 154 at a distance r of 0.45 mm and in parallel with
the axis c¢. A Peltier element 1s used as a temperature
controller 162. A wavelength multiplexed light 164 to be
entered from the incidence-side optical fiber 156 1s formed
by multiplexing monochromatic lights having wavelengths
AM=1285.4 and A2=1523.6. When the temperature of the
light transmission section 154 1s 20° C., the refractive index
profile constant gl of the light transmission section 154 for
the wavelength A1 1s 0.543, and the refractive index profile
constant g2 of the light transmission section 154 for the
wavelength A2 1s 0.540. The refractive index nl on the axis
¢ for the wavelength Al 1s 1.497, and the refractive index n2
on the axis ¢ for the wavelength A2 1s 1.493.

A light matrix 1n the light transmaission section 154 having
the refractive index profile approximated by the formula (1)
1s expressed by the following formula (2):

[P’Q] [CDS(gZ)
92 ) \ —ng-sin(gZ)

wherein nl: refractive index on the axis c,
gl: refractive index profile constant,

7 length of the light transmission section 154,

rl: distance between the imcidence position where a light
P 1s entered into the first axial end of the light trans-
mission section 154, and the axis c,

01: mncidence angle (rad) at which the light P 1s entered
into the first axial end of the light transmission section

154,

sin(g”Z)/ng ]( ri ] (2)

cos(gZ) 01 )
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r2: distance between the outgoing position where the light
P 1s emitted from the second axial end of the light
transmission section 154, and the axis c,

02: outgoing angle (rad) at which the light P 1s ematted
from the second axial end of the light transmission

section 154 (see FIG. 10).

As seen 1n the formula (2), the outgoing position of the

light in the outgoing end (second axial end) 1s changed
depending on the refractive index profile constant g and the
refractive index n. Thus, as shown 1n FIG. 9, when the
wavelength multiplexed light 164 including the plurality of
lights different in wavelength (A1, A2) are entered from the
same incidence position (same radial position) in the first
axial end of the light transmission section 154, the lights
166, 168 arc different 1in the outgoing position and the
distance r21, r22 from the axis ¢, because the refractive
index profile constant g and the refractive index n are
different with respect to each of the wavelengths.
In the third embodiment, under the above temperature
condition, the monochromatic light of the wavelength
A1=1285.4 nm, and the monochromatic light of the wave-
length A2=1523.6 nm are emitted, respectively, from the
positions r21=0.01 mm and r22=0.00 mm, and only the
monochromatic light 168 of the wavelength A2 1s entered
into an outgoing optical fiber 160.

FIG. 11 1s a graph showing the temperature dependence of
the refractive index profile of the light transmission section
154. As seen 1n FIG. 11, 1n the light transmission section
154, the temperature dependence coellicient of the refractive
index profile constant is 6.0x107>/° C. Thus, if the light
transmission section 154 1s set at a temperature o1 70° C., the
refractive index profile constants gl and g2 for the wave-
lengths A1 and A2 are varied, respectively, to 0.540 and
0.537, and the distances r21 and r22 between the axis ¢ and
cach of the wavelengths A1 and A2 are varied, respectively,
to 0.00 mm and -0.01 mm. Thus, while the light to be
entered 1nto the outgoing-side optical fiber 160 1s the mono-
chromatic light of the wavelengths A2 when the temperature
of the light transmission section 154 1s 20° C., 1t will be
switched to the monochromatic light of the wavelengths Al.
In this way, the wavelength of light to be picked up can be
varied by varying the temperature of the light transmission
section 154 using the temperature controller 162.

As mentioned above, the present invention can provide an
optical mult/demultiplexer having a reduced number of
components and allowing the number of assembling steps to
be reduced while eliminating the need for complicated
adjustments.

Further, the present invention can provide an optical filter
capable of being readily produced and varying the wave-
length of a monochromatic light to be picked up.

What 1s claimed 1s:

1. An optical multiplexer comprising:

a graded idex type light transmission section whose
refractive index 1s continuously reduced in the direction
from the center to the periphery thereof;

a wavelength-multiplexed-light connecting section dis-
posed at one of the axial ends of said light transmission
section; and

at least one monochromatic light connecting section dis-
posed at the other axial end of said light transmission
section,

wherein said wavelength-multiplexed-light connecting
section and said monochromatic light connecting sec-
tion are disposed relative to said light transmission
section 1n such a positional relationship that a mono-
chromatic light included in a wavelength multiplexed
light entered from said wavelength-multiplexed-light
connecting section into said one end of said light
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transmission section 1s emitted from the other end of
the light transmission section at a position where said

monochromatic light connecting section 1s disposed,
and wherein said light transmission section has an
substantially cylindrical body, wherein said
wavelength-multiplexed-light connecting section 1s
disposed to the radially central region of said light
transmission section while being inclined at an angle
close to the aperture angle of said light transmission
section.

2. The optical multiplexer as defined 1n claim 1, wherein
said light transmission section 1s made of plastic.

3. The optical multiplexer as defined 1n claim 1, wherein
said light transmaission section 1s comprised of plastic mate-
rials whose Abbe numbers differ by 20 or more.

4. The optical multiplexer as defined 1n any one of claims
1 to 3, wherein said light transmission section has an
substantially cylindrical body, wherein said wavelength-
multiplexed-light connecting section 1s disposed to the radi-
ally peripheral region of said light transmission section and
in parallel with the axis of said light transmission section.

5. The optical multiplexer as defined in claim 4, wherein
said monochromatic light connecting section 1s provided 1n
a plural number.

6. The optical multiplexer as defined 1n any one of claims
1 to 3, wherein said monochromatic light connecting section
1s provided in a plural number.

7. The optical multiplexer as defined in claim 1, wherein
said monochromatic light connecting section 1s provided 1n
a plural number.

8. An optical filter comprising;:

a graded index type light transmission section whose
refractive index 1s continuously reduced 1n the direction
from the center to the periphery thereof;

a wavelength-multiplexed-light connecting section dis-
posed at one of the axial ends of said light transmission
section; and

a monochromatic light connecting section disposed at the
other axial end of said light transmission section, and
wherein said light transmaission section has a refractive
index profile constant to be varied according to
temperature, wherein said optical filter further includes
temperature varying means for varying the temperature
of said light transmission section to change the posi-
tions in the other axial end of said light transmission
section where a plurality of monochromatic lights
included i a wavelength multiplexed light-entered
from said wavelength-multiplexed-light connecting
section into said light transmission section are to be
emitted, respectively, therefrom, so as to allow either
one of said monochromatic lights to be selectively
entered 1nto said monochromatic light connecting sec-
tion.

9. The optical filter as defined 1n claim 8, wherein said

light transmission section 1s made of plastic.

10. The optical filter as defined 1n claim 8, wherein the
refractive index profile of said light transmission section has
a temperature dependent constant of 5x10™> or more.

11. The optical filter as defined 1n any one of claims 8, 9
or 10, wherein said light transmission section has an sub-
stantially cylindrical body, wherein said wavelength-
multiplexed-light connecting section i1s connected to said
light transmission section in parallel with the axis of said
light transmission section.

12. The optical filter as defined 1n claim 8, wherein said
temperature varying means includes a Peltier element.

G o e = x
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